Abstract
Perihepatic nodes detected by point-of-care ultrasound in acute hepatitis and acute-on-chronic liver disease

INTRODUCTION
Acute hepatitis is often caused by one of several hepatotropic viruses, by systemic viral infections of the liver, or by drugs, toxic agents or hypoxia. Abruptly elevated alanine aminotransferase (ALT) level cannot be specific to any of the various causes. Hence, a definite diagnosis always depends on detailed history-taking, observations of clinical presentations and survey of serum markers, which is always time consuming and may delay targeting therapy toward the offending etiologies. Acute flare of chronic hepatitis has been observed in some viral hepatitis cases such as hepatitis B virus (HBV) and hepatitis C virus (HCV) infections as well as autoimmune hepatitis and alcoholic hepatitis. The manifestations of acute flare in chronic hepatitis are usually similar to those of acute hepatitis, which makes a differentiation between these two scenarios sometimes difficult. Liver biopsy is therefore clinically important.
The enlarged lymph nodes around the hepatoduodenal ligament (perihepatic nodes) are prevalent in chronic infections with HBV or HCV. The size of the noticeable lymph nodes seemed to be histologically and serologically correlated with the severity of hepatic inflammation [1] [2] [3] [4] . Our comprehensive studies demonstrated that the prevalence of nodal enlargements (nodal width ≥ 5 mm) in chronic HBV infection and chronic HCV infection groups was significantly increased (56.9% and 69.4%, respectively, P < 0.001 for both) when compared with that of non-viral type; take note that this difference was independent of serum aminotransferase levels. Meanwhile, the nodal width was the only significant parameter when viral and nonviral groups were compared (P = 0.031) [5] . During episodes of hepatitis flare, enlarged perihepatic lymph nodes are always depicted by ultrasonography, however, its clinical significance is not clear [6] [7] [8] [9] . The growth of point-of-care ultrasonography has progressed since the 1990s, Point-of-care ultrasonography refers to ultrasonography performed and interpreted by the clinician at the bedside for a realtime patient analysis, allowing immediate notations that could be directly correlated with the patient's presenting signs and symptoms [10] . In this study, we tried to investigate whether the ultrasonographic assessment of perihepatic lymphadenopathy could facilitate the differential diagnosis in a cohort of patients with hepatitis flare of various etiologies.
MATERIALS AND METHODS
Subjects
From June 2003 to January 2013, patients with acute hepatitis flare presented to our institution were enrolled into this study. Inclusive criterion was abrupt elevation of alanine aminotransferase (ALT) > 250 U/L (> 5 × upper normal limit) with or without a known history of liver disease. All of the patients had undergone a pathophysical survey for the etiology, including routine abdominal sonographic examination and simultaneous measurement of the size of noticeable perihepatic lymph nodes. This study was designed as a retrospective study and the data were collected from chart review which was approved by the local ethics committee. The patients were categorized into two groups (viral origin and nonviral origin) and further defined into 10 subgroups according to the clinically diagnosed etiology. Diagnosis of acute hepatitis flare was based on chart records and serological and virological assays, which were reviewed by two of the authors (Kuo and Wang 
Ultrasound detection of perihepatic lymph nodes
After diagnosis of acute hepatitis flare, an ultrasonograpy was performed within 2 h to 72 h (median, 8 h). Two ultrasound scanners (SSD-5000 Aloka, Tokyo, Japan and Xario SSA-660A, Toshiba Medical Systems, Tokyo, Japan) equipped with a 3.75-5 MHz convex probe and color Doppler imaging were used. After the completion of the standard scanning of the whole abdomen, any other solid structures beside the common hepatic artery and/or the main portal vein were specifically studied. One or more ovoid masses that were less echogenic than the liver parenchyma were detected as solid masses on the Doppler sonography; these masses were clearly separated from adjacent organs and vessels on transverse, sagittal, and oblique scans.
The maximum size of each noticeable lymph node was measured on the longest axis (length) and the corresponding perpendicular short axis (width). In patients with multiple lymph nodes, the measured and calculated values were added for a total value, and the maximal values were used for analysis. An enlarged lymph node was defined as the nodal width ≥ 5 mm [5] . The concurrent liver parenchymal manifestation by sonography was recorded as early change (normal/ fatty liver) or late change (chronic liver parenchymal disease/liver cirrhosis). The wall thickness of the gallbladder, which has been a sonographic marker of acute hepatitis, was also recorded as normal or thickened when the typical three-layer appearance was depicted. The prevalence and size of enlarged lymph nodes were compared between groups and subgroups. Correlation between clinical parameters and nodal manifestations was also evaluated for surveillance accuracy in this hepatitis flare cohort.
Statistical analysis
Clinical and biochemical characteristic patterns of patients are expressed as mean ± SD or median with interquartile range (IQR). Data between groups/subgroups were tested by U test (MannWhitney) and Wilcoxon test, and P < 0.05 was judged to be statistically significant. Sensitivities and specificities were given with 95% confidence intervals. Comparisons between groups/subgroups were made by Pearson's χ 2 test or Fisher's exact test for categorical variables. To find the independent factor, univariate logistic regression analysis was used to select possible variables as P-value < 0.1. Then, multiple logistic regression analysis was used to identify the independent factors. A P-value < 0.05 was considered significant in multiple logistic regression analysis. All analyses were performed using SPSS 20.0 statistical software.
RESULTS
There were a total of 203 patients who fulfilled the inclusive criteria and 27 patients were excluded due to variable reasons (9 for incomplete data, 8 for poor visualization of sonography, 4 for superinfection, 4 for unknown causes and 2 for mortality). One hundred and seventy-six patients were enrolled for this study, subgroups, the median nodal width was as follows: CHB with acute flare, 6.5 mm; CHC with acute flare, 6.1 mm; AHA, 13 mm; AHB, 6.8 mm; AHC, 8.15 mm; AIH, 4.65 mm; AH, 3.3 mm; DILI, 0 mm; infective hepatitis, 0 mm; and ischemic hepatitis, 0 mm. There were significant differences in nodal size between the viral and non-viral groups (P < 0.001), between the acute and chronic viral groups (P < 0.01), and between the AHA and non-AHA viral groups (P < 0.001) (Figure 1) .
In logistical regression analysis, gender, age, WBC level and nodal width differed significantly between the viral and non-viral groups in univariate analysis (P = 0.026, < 0.0001, 0.003 and < 0.0001, respectively). The nodal width still had strong significance in multivariate analysis (P < 0.0001) ( Table 3) .
When using the value of nodal width to differentiate between the viral and non-viral groups, the area under the curve of ROC was 0.805 ( Figure 2) . If the cut-off value was 5 mm, it showed a sensitivity of 80.9%, a specificity of 68.2%, positive predictive value of 80.92%, negative predictive value of 68.18%, and including cases of CHB with acute exacerbation (n = 77), CHC with acute exacerbation (n = 11), AHA (n = 5), AHB (n = 11), AHC (n = 6), AIH (n = 10), AH (n = 9), DILI (n = 24), infective hepatitis (n = 13), and ischemic hepatitis (n = 10) ( Table 1) . They were further divided into a viral origin group (n = 110) and a non-viral origin group (n = 66) ( Table 2) .
Enlarged lymph nodes (width ≥ 5 mm) were noticeable in 110 patients with a total prevalence rate of 62.5%, most of which were diagnosed in CHB patients with acute flare (66/110 = 54.5%). The prevalence rates in all subgroups were as follows: CHB with acute flare (60/77 = 77.9%), CHC with acute flare (11/11 = 100%), AHA (5/5 = 100%), AHB (7/11 = 63.6%), AHC (6/6 = 100%), AIH(5/10 = 50%), AH (4/9 = 44.4%), DILI (7/24 = 29.2%), infective hepatitis (5/13 = 30.8%), and ischemic hepatitis (1/10 = 10%) ( Table 1) . The viral origin group had a higher prevalence rate (89/110 = 80.9%) than the non-viral origin group (21/66 = 31.8%) (Table 2) (P < 0.001). The median nodal width was 7 mm in the viral origin group and 0 mm in the non-viral origin group. In an accuracy of 76.14%. A cut-off value of 3.7 mm resulted in a sensitivity of 89.1%, a specificity of 65.2% and the best accuracy rate of 80.14%.
DISCUSSION
In this study we found that the nodal enlargement was prevalence in acute hepatitis or acute flare on chronic liver disease especially in those caused by viral etiologies. Among the various common etiologies, AHA manifested the most prominent nodal enlargement and ischemic hepatitis was of the least. The manifestations of perihepatic lymph nodes had been studied in liver disease of variable etiologies, mainly on chronic liver disease including AIH, primary biliary cirrhosis (PBC), CHB and CHC by ultrasound, CT and MRI and correlated to histopathology of the liver both by tissue biopsy and by graft from transplantation [2, 3, [11] [12] [13] [14] [15] [16] [17] [18] [19] . The accuracy of ultrasound detection of enlarged lymph nodes had been well validated by CT and MRI [19] .
Correct sonographic detection of perihepatic lymph nodes has been confirmed by autopsy and verified by excision and histological examination during elective liver surgery with a high correlation coefficient (r = 0.94) [20] . However, there was less information about nodal change during acute hepatitis or acute flare on chronic liver disease. A small cohort study of acute hepatitis had been reported from Germany, where chronic viral hepatitis is not endemic [9] . Acute viral hepatitis had both a higher prevalence rate of noticeable nodes and larger nodal size than acute toxic liver disease.
Our study, within the endemic area of HBV and HCV infections, revealed that perihepatic lymphadenopathy (width ≥ 5 mm) in patients with acute hepatitis flare may predict a viral etiology, mostly CHB with acute flare. This is eminent in cases when urgent antiviral therapy is indicated, especially in those CHB patients with signs of hepatic decompensation. Ultrasound examination is naturally convenient, productive, affordable and safe. It can provide strong evidence before any results of laboratory examination are shown. Point-of-care ultrasonography should be widely promoted for its accurate depiction of the perihepatic nodal change during episode of acute hepatitis flare [10] . HBV and HCV are non-cytopathic viruses and thus immunologically mediated events are critical factors in the pathogenesis and outcome of these infections. The adaptive immune response mediates virtually all of the liver disease associated with viral hepatitis [21] . In this study, we found that AHA has more prominent nodal size than other acute viral hepatitis or chronic viral hepatitis with acute flare. AHA caused by primary infection with hepatitis A virus (HAV) is a common form of acute viral hepatitis. HAV is also a non-cytopathic virus, and hepatocyte injury is mediated by activated T cells in AHA. The frequency of circulating Tregs was reduced during AHA. A decrease in Treg numbers led to reduced suppressive activity of the Treg pool and consequently resulted in severe liver injury during AHA which was not observed in other acute liver diseases such as acute hepatitis B, acute hepatitis C and toxic/drug-induced hepatitis [22] . Thus, nodal reaction in acute hepatitis A could be a special sonographic detection for the diagnosis.
Immune mechanisms play a critical pathogenetic role in the majority of liver diseases, and are of crucial importance in particular infections and autoimmune disease affecting the liver [23] . Our study revealed variable prevalence and measurable size between variable non-viral etiologies of acute hepatitis flare, which may reflect the variable magnitudes of intrahepatic immune responses. Earlier studies of perihepatic lymph nodes revealed that autoimmune hepatobiliary diseases including PBC and AIH were associated with nodal enlargement. The nodal size and prevalence both correlated with the inflammatory severity [1, 13] . We found that most of the non-viral hepatitis patients, however, presented with less prominent and less prevalent nodal enlargement than the viral group. Interestingly, four of nine alcoholic hepatitis patients also manifested with prominent nodal reaction, which, to our knowledge, has never been reported before. Immune response has been explored to be the mechanism of alcoholic liver disease.
Immune responses were increased in the group of patients who are actively drinking or abstinent < 6 mo and although weaker, persisted in the abstinent patients [24] . The meaning of nodal enlargement in some alcoholic hepatitis cases requires further studies to evaluate its contribution to pathophysiology and management. The mechanism of acute ischemic hepatitis is more hemodynamic than immunologic and presents less nodal reaction (10% in the present study). In a patient with acute hepatitis flare with hemodynamic collapse, an enlarged perihepatic lymph node detected by ultrasound examination indicates etiologies other than ischemic hepatitis alone. The mechanism of perihepatic lymph nodal reaction in liver disease, an important immune response, had not been well studied before. There was some evidence from previous studies of the celiac node, which is one of the main perihepatic lymph nodes. Matsuno et al [25] had identified the celiac node as a drainage pathway of the lymphatic macrophages from the hepatic sinusoids. In an animal study, orally administered antigen could induce antigen-specific regulatory T cells in the liver-draining celiac lymph node [26] . Recently, by using Evans Blue and purified dendritic cells, the celiac node was proved as lymphatic drainage of liver tissue in mice, which could reflect the intra-hepatic immune response appropriately [27] . Furthermore, a recent study about hepatitis B provided the evidence that the liverdraining lymph nodes induce an anti-HBV-specific immune response responsible for HBV clearance after hydrodynamic injection of HBV plasmid [28] . All of the above evidence suggested an immune responsive correlation between the perihepatic lymph nodes and the liver parenchyma. The nodal manifestations in variable liver diseases with different inflammatory stages merit further evaluations.
The issues for measurements of the nodal size and detectable number are critical when the magnitude of immune response is concerned. With inconsistent correlations, however, associations of the nodal size and number with serum parameters of cytolysis, severity of histologic damage, viremia, and a high CD8 lymphocyte level have been reported in many CHC studies [4, 15, 20] . Previously, the nodal size was measured by the nodal maximal diameter (long axis or short axis) or area (long axis multiplies short axis) with a maximal cut in transverse view or sagittal view [13, 14] . A more convincing measurement was to calculate the nodal volume assumed with an ellipsoid shape [20] . However,
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November 28, 2015|Volume 21|Issue 44| WJG|www.wjgnet.com an enlarged node around the common hepatic artery does not necessary form as an ellipsoid shape [29, 30] . The detectable number is also influenced by various factors including the operator's experience, definition of nodal enlargement and the resolution power of the machine. In our previous large series study, a nodal width (the short diameter) greater than 5 mm has the same predictable and more convenient value than the nodal volume. Recently, Shu et al [30] also noted that enlarged lymph nodes (more than 5 mm in the short diameter) could be found in about 90% of CHB patients by using MRI, which also proved that nodal width is related to the degree of liver inflammation (grade), when compared with liver biopsy pathology report. In this cohort of patients with acute hepatitis flare, nodal width also provided a better discrimination between viral and non-viral subgroups with the AUROC of 0.805. Actually, in this study cohort, a cut-point of 3.7 mm had a sensitivity of 89.1%, a specificity of 65.2% and a better accuracy rate of 80.14% than that of 5 mm. However, 5 mm may be clinically more practical for operation and no analytical difference was noted when either 5 mm or 3.7 mm was applied.
Limitation
It is difficult to make a correct differential diagnosis only by history-taking and laboratory data without pathology between AHB and CHB or between AHC and CHC. None of our patients has undergone a liver biopsy for diagnosis and some patients in the acute subgroup may belong to the chronic hepatitis with acute flare subgroup if a non-detectable chronic infection was present. However, the liver biopsy during acute flare hepatitis might be contraindicated due to impaired coagulative functions. Based on our observations, point-of-care ultrasonography to detect perihepatic nodal change when performed in acute flare hepatitis is valuable to differentiate the etiologies of viral origins from nonviral origins. In an endemic area of HBV infection, CHB with acute flare presents the most prevalent nodal enlargement. In a hemodynamic critical patient with acute hepatic flare, an enlarged perihepatic lymph node detected by ultrasonography indicates etiologies other than ischemic hepatitis alone.
COMMENTS
Background
The enlarged lymph nodes around the hepatoduodenal ligament are prevalent in chronic liver diseases including chronic viral hepatitis and immune associated liver disease. The size of the noticeable lymph nodes seemed to be histologically and serologically correlated with the severity of hepatic inflammation, thus, they had been used to predict the effect of treatments and disease prognosis.
Research frontiers
Acute hepatitis flare is a life threatening disease and has variable etiologies that need different treatments. The perihepatic nodal appearances have not well been understood. Point-of-care ultrasonography to evaluate the perihepatic nodes may provide valuable evidence for episodes of acute hepatitis flare.
Innovations and breakthroughs
Enlarged lymph nodes were noticeable in 62.5% of acute hepatitis flare episodes and mostly acute on chronic hepatitis B (54.5%) in an endemic area of chronic hepatitis B. The viral group has a higher prevalence rate (80.9%) and larger nodal size (median width, 7 mm) than the non-viral group (31.8%; median width, 0 mm). Meanwhile, there were significant differences in the nodal size between acute and chronic viral groups (p < 0.01), and between acute hepatitis A and non-hepatitis A viral groups (p < 0.001). In logistical regression analysis, the nodal width still showed strong significance in multivariate analysis (p < 0.0001) to stratify the viral and non-viral groups. When a 5 mm cut-off value for nodal width was used, the diagnostic performance for differentiating the viral and non-viral groups was as follows: AUROC, 0.805; sensitivity, 80.9%; specificity, 68.2%; positive predictive value, 80.92%; negative predictive value, 68.18%; and accuracy, 76.14%.
Applications
In a victim of acute hepatitis flare, point-of-care ultrasonography to detect perihepatic nodes contributes an initial differential diagnosis of viral and nonviral origins. In an endemic area of chronic hepatitis B, an enlarged perihatic node usually directs acute-on-chronic hepatitis B. The appearance of multiple enlarged perihepatic nodes should lead one to diagnose acute hepatitis A.
Terminology
The perihepatic lymph nodes consist of hepatic portal lymph nodes, celiac lymph nodes, posterior mediastinal lymph nodes, supradiaphragmatic lymph nodes, and parasternal lymph nodes. Inflammatory process in the liver frequently leads to hyperplasia of regional lymph nodes. Point-of-care ultrasonography refers to ultrasonography performed and interpreted by the clinician at the bedside for a real-time patient analysis, allowing immediate notations that could be directly correlated with the patient's presenting signs and symptoms.
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